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depth d 1 we can calculate the parameter cr m from Eq. (14.7). For this calculation, 
involving trial solutions, we have to know K c , u , <r u , R, and t. If required, the 
plane stress parameter K c may be approximated from Eq. (14.4), provided that 
the relevant K 1C value, material thickness B, and yield strength of the material a y 
are known. 

In summary, then, the leak-before-break criterion can be verified analytically 
by comparing the two critical stress levels, a i and <r m . If the stress to failure 
<7 f , obtained from Eq. (14.8) and intended for a given surface defect, exceeds <J m 
calculated from Eq. (14.7) for an equivalent length of through-the-wall crack, we can 
expect the flaw to propagate, leading to a structural failure of the vessel. However, 
if the failure stress cr f , calculated for the surface defect such as a part-through flaw, 
proves to be lower than <r m , the corresponding vessel may be expected to leak before 
a catastrophic break. 

It should be emphasized that although quite useful, the foregoing method of 
fracture mechanics does not provide complete answers for all design situations. 
For instance, the effect of non-applied loads, such as residual stresses induced by 
welding, is very difficult to interpret. The design parameters, such as K c or K 1 c , 
have to be determined with reference to the direction of the working stresses during 
the manufacture as well as in service. Other special considerations, such as neutron 
radiation, may also enter the picture. Fracture toughness of ferritic steels is known 
to be reduced by such a process. Furthermore, the design criteria may be based on 
the choice of the flaw size, its geometry, and its orientation with respect to a working 
stress field different from that required for a particular design case. Highly stressed 
regions such as nozzle junctions and similar transitions pose separate problems of 
interpretations of test results, inspection techniques, stress analysis methods, and 
fracture mechanics criteria which are certainly beyond the scope of this introductory 
treatment of fracture analysis. Last, but not least, the design factors of safety will 
be affected by all the technical issues noted above, together with considerations of 
production economics and the potential consequences of failure. 


SYMBOLS 

a Half-length of crack, in. (mm) 

a c Critical length of crack in plane stress, in. (mm) 

a ci Critical length of crack in plane strain, in. (mm) 

A Numerical constant 

Actual area of part-through flaw, in. 2 (mm 2 ) 

B Material thickness, in. (mm) 

b Depth of crack, in. (mm) 

CVN Charpy V-notch energy, ft-lb (N-mm) 
d Maximum depth of part-through crack, in. (mm) 

E Modulus of elasticity, psi (N/mm 2 ) 

G c Strain energy release rate, (in.-lb)/in 2 (N-mm/mm 2 ) 

K c Plane stress fracture toughness, psi(in.) 1 / 2 [N(mm) -3 / 2 ] 

K 1C Plane strain fracture toughness, psi(in.) 1 / 2 [N(mm)~ 3 / 2 ] 

n Numerical constant 

P Internal pressure, psi (N/mm 2 ) 



